.
One of several techniques developed for OCDMA systems is Spectral Amplitude Coding (SAC) which attracts much attention due to the reduction of the Multiple Access
Interference (MAl) effects, simplicity and lower cost of system components [1, 2] . Several codes have been introduced and developed for SAC-OCDMA system to eliminate the MAl effect such as Optical Orthogonal Code (OOC) [3] , Modified
Quadratic Congruence (MQC) code [4] , Khazani-Syed (KS) [5] and Random Diagonal (RD) code [6] .
In this paper a new code family for SAC-OCDMA system has been proposed, with flexible basic code (NB) while maintaining the code weight fixed. By using this property, system performance can be improved by reducing MAl between different users when they share the same wavelength at the same time, as well as different types of media can be accommodated in the same system, which meets the QoS requirements in metro networks.
The rest of this paper is organized as follows. Section II, explains a schematic diagram of the proposed SAC-OCDMA setup. In Section III, the proposed code construction is described. Section IV presents the mathematical analysis of proposed code employing AND detection [7] scheme. Section V is devoted to the results and discussion. Finally, Section VI concludes the fmdings of the study.
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II.
SYSTEM DESCRIPTION Fig. 1 shows the setup of the proposed SAC-OCDMA system based on AND subtraction technique. Optical bandpass filters are used at the transmitter for encoding the optical spectra for two users according to the proposed code sequence to produce unique codeword for each user. After modulating data with the codeword, each data from various users will be combined before being sent to the receiver via ITU-T 0.652 standard single mode fiber (SMF). Then the data is decoded by using bandpass filters too at the receiver, and the outputs from the filters are detected by two PIN photodiodes. The electrical signal of lower arm is then subtracted from the signal generated by the upper arm to eliminate the MAL
III.
CODE CONSTRUCTION
In OCDMA codes, usually the shorthand notation of an CL, W, Aa, Ac) is used, where L is the total code length, W is the code weight, Aa is the auto-correlation and Ac is the cross correlation.
The proposed code for SAC-OCDMA system can be characterized by CL, W, NB, Ac) where NB is the number of users in the basic code sequence, which can be varied from 1 to
The construction procedure of the proposed code is demonstrated in the following example, suppose the code weight of OCDMA system is equal to 4, and then the number of maximum users in the basic code sequence is 4. The construction steps are the following:
Step 1: Let � be the position of jth '1' in the Cth code where j={1,2, ... ,W} and C={1,2, . .. ,NB}.
Then, the �can be defined as:
Other positions that don't contain' l' will be filled with '0'.
Using the equation (1) the position of 'ones' for first code are:
Step 2: To construct the subsequent code sequences, consider a position that refers to a first position that has no overlapping with the previous code, and put' l' in that position to get the cross-correlation of 10f that code. Next, the remaining of current code will be the shifted one unit to the right.
Again, as in step 1, the empty spaces of the code will be filled by '0'.
Simply by filling empty spaces with zeros, then the second code is represented by:
Step 3: Repeat step 2 for the subsequent codes until the basic code sequence CB generated which is equal to the maximum number of users, NB, then for 
.'.1 L:l
Then, after step 3, the overall code sequences for W=4 and NB=4 can be shown as follows:
Thus, the sequences (el, e2, e3 and eJ) give the proposed basic code matrix (CB) as the following: 
Hence, the number of users is extended by (MxNB), where M is the number of mapping sequence and NB is the basic number of users in each sector which is extended diagonally.
IV . MATHEMATICAL ANALYSIS OF THE PROPOSED CODE BASED ON AND SUBTRACTION TECHN IQUE
In the performance analysis, shot noise, as well as thermal noise in photodetectors and phase induced intensity noise has been considered. For Bit Error Rate (BER) calculation as in [4] , the Gaussian approximation is used.
The variance of the photo current due to the detection of an ideally unpolarized thermal light, which is generated by spontaneous emission [4] can be expressed as:
For simplifying the mathematical analyses of the system transmitter and receiver, we considered the same assumptions as those were used in [4] Hence, the SNR of the SAC-OCDMA system utilizing the proposed code can be determined using the mathematical operations as below:
Now using the Gaussian approximation, which allows simplified analysis of system performance, the estimated BER can be calculated as in [4] 1
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(4)
In this section, performance of the proposed code with code weight of 5 is investigated as log of BER against number of active users operating at bit-rate of 622 Mbps, as shown in Fig.2 . The parameters used in our analysis are listed in Table I . As shown in Fig.2 , with reference to the BER of 10-9 , the maximum number of supported MS users when NB = 4 and 3 is 25 and 55. Meanwhile by reducing the NB to 2, the supportable number of users increases up to 90. This is due to the fact that by reducing the number of users in basic code more chips is detected in the receiver which increases the received power.
VI. CONCLUSION
In this paper, a new code family for SAC-OCDMA system has been proposed. The number of users (N)NB) can be increased using mapping of basic constructed code Since the system performance varies by altering the number of users in basic code, therefore this property of MS code can be exploited for different types of media can be accommodated in the same system, which meets the requirements of differentiated quality of service from different subscribers in metro networks.
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